Inflammatory bowel disease (IBD) patients are at an increased risk of developing colorectal cancer (CRC), which is thought to develop via the adenoma-carcinoma pathway. Since the discovery of the serrated carcinogenesis pathway and serrated polyposis syndrome (SPS), the incidence of carcinomas arising from serrated lesions in IBD patients has increased. We report three cases of long-standing IBD patients with associated serrated polyposis syndrome. At present, the pathophysiology of serrated lesions in IBD patients is not fully understood and there is a lack of strong evidence to confirm whether the manifestation of both conditions represents an increased risk of developing cancer. Therefore, more accurate surveillance guidelines are needed and are being actively investigated at present.
INTRODUCTION
Inflammatory bowel disease (IBD) patients are at an increased risk of developing colorectal cancer (CRC), thus, endoscopic screening should be performed in all patients with left sided or extensive long-standing colitis (1) . In the general population, most cases of CRC develop via the traditional carcinogenesis pathway following the adenoma-carcinoma sequence of events. However, 20-30% of sporadic CRC and most cases of interval CRC arise from the serrated carcinogenesis pathway with serrated polyps as the precursor lesion (2) . Serrated polyps are a heterogeneous group including hyperplasic polyps (HP), serrated sessile polyps (SSP) and traditional serrated adenomas (TSA) (2, 3) .
The serrated polyposis syndrome (SPS) in association with the serrated pathway is a rare entity and has a risk of CRC that is five times greater than that of the general population. The World Health Organization (WHO) criteria for the diagnosis of SPS include: a) the presence of at least five HPs proximal to the sigmoid colon, of which at least two are over 10 mm; b) any number of HPs proximal to the sigmoid colon and a family history of SPS; and c) over 20 HPs of any size, distributed throughout the colon (3) . Recently, the association of serrated lesions and SPS with long-standing IBD has been briefly reported. However, our knowledge of the implications regarding this association is still limited. We present a case series report of three patients with long-standing IBD associated with SPS.
CASE REPORT 1
We present the case of a 49-year-old woman with pancolonic involvement of Crohn's disease with a ten year evolution, in clinical remission and without treatment. White-light colonoscopy screening performed ten years after the initial diagnosis revealed around 30 flat-raised or sessile lesions of approximately 5-20 mm with a serrated appearance. The pathological diagnosis was SSPs. The patient met criteria 1 and 3 for the diagnosis of SPS. A microperforation occurred while performing an en-bloc mucosectomy of a 25 mm sessile polyp located in the transverse colon. This was conservatively managed with hemostatic clips. Pathological examination found that the lesion was an SSP without dysplasia. Immunohistochemical analysis identified a BRAF mutation in codon 600 (V600E/D), and the lesion was negative for a KRAS mutation. As endoscopic management of the serrated lesions was challenging, the patient underwent a subtotal colectomy with rectal preservation. The analysis of the surgical specimen revealed the presence of more than 25 serrated polyps without any evidence of dysplasia. 
CASE REPORT 2
The second case was that of a 57-year-old woman with pancolonic ulcerative colitis of 35 years duration, in clinical remission with mesalazine associated with primary sclerosing cholangitis. The patient underwent annual endoscopic screening via white-light endoscopy and no significant lesions were identified. A chromoendoscopy detected 20 to 30 flat-raised lesions of 5 to 20 mm in diameter that displayed changes compatible with hyperplastic polyps. The analysis of the KRAS and BRAF genes showed no mutation. The patient met criteria 1 and 3 for the diagnosis of SPS and continues to undergo annual screening via chromoendoscopy.
CASE REPORT 3
The final case was a 44-year-old woman with left sided ulcerative colitis of two years duration, in clinical remission with mesalazine. The initial white-light colonoscopy revealed over seven lesions with a serrated polyp appearance in the ascending colon. The largest lesion was biopsied and displayed a histopathology compatible with a hyperplasic polyp. After a year without any evidence of active ulcerative colitis, the patient underwent endoscopic surveillance that identified a total of eight lesions compatible with SSSs of 4-15 mm in size (three of them larger than 10 mm) in the ascending colon. All of the lesions were removed and underwent a histopathology study, which confirmed the diagnosis of SSP. The analysis of one of the SSP revealed a BRAF mutation (V600E) and there was no KRAS mutation. This patient met criteria 1 for the diagnosis of SPS and continues to undergo annual screening via chromoendoscopy.
DISCUSSION
This study presents three IBD female patients (two with ulcerative colitis and one with Crohn's disease) with left sided or pancolonic colitis matching the diagnostic criteria for SPS. All patients were in clinical and endoscopic remission. In this series, one of the patients needed surgical management and two were controlled endoscopically. To date, there are two other short case reports of long-standing IBD associated with SPS. Including the series reported here, ten patients have been described; these include six with ulcerative colitis and four with Crohn's disease (seven were female and three were male) (4, 5) .
The molecular pathogenesis of CRC occurs via two independent pathways: the traditional pathway involving chromosomal instability and the serrated pathway involving DNA microsatellite instability. The most frequent genetic alterations in the serrated pathway include BRAF and/or KRAS mutation, resulting in activation of the MAPK pathway and uncontrolled cell proliferation. BRAF is the most frequent mutation in serrated carcinomas and can be considered as specific of the serrated pathway (2). We found a BRAF mutation in 2/3 serrated lesions whereas no KRAS mutation was found in any sample. Srivastava et al. reported the absence of BRAF mutations in their samples, whereas the KRAS mutation was present in 5/11 samples (5) . The pathophysiological mechanism of the serrated pathway in IBD is currently unknown. Chronic inflammation may predispose to the development of serrated lesions and these lesions have a different prognosis than BRAF mutated lesions.
However, in addition to their potential for malignancy, the presence of serrated lesions has been described to be associated with an increased prevalence of synchronous adenomas. Moreover, a recent study reported a prevalence of CRC of 15.8% in SPS patients (6). Boparai et al. reported a frequency of 35% of patients from a SPS cohort that presented with CRC during follow-up, yielding a cumulative CRC risk of 7% over five years (7). Johnson et al. reported an incidence of neoplasia of 30% at three years in IBD patients with serrated changes, compared to 12% in those without serrated changes (8) .
Close surveillance with annual colonoscopies and resection of all lesions > 4 mm is recommended in SPS patients (6) . Prophylactic surgery is indicated for those cases where endoscopic management is not possible (3) . There are currently no specific recommendations for patients with 
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colonic IBD and a concomitant SPS diagnosis. In these patients, a thorough examination and surveillance must be performed. Due to their macroscopic appearance (flat, pale and usually covered with mucus), serrated lesions often go undetected when examined by conventional white-light colonoscopy, meaning that SPS is an under-diagnosed condition. In fact, in the screened population, Rivero-Sánchez et al. observed that the rate of SPS diagnosis increased from 0.32% at baseline white-light colonoscopy to 0.90% after reassessment by chromoendoscopy (9) . This fact reinforces the need for the routine use of chromoendoscopy for CRC screening of IBD patients (10).
CONCLUSIONS
We describe three cases of IBD in association with SPS which are known to be associated with an increased risk of CRC development. The association of both diseases demonstrates the importance of an adequate endoscopic screening program in patients with IBD via validated techniques, such as chromoendoscopy, which improve the detection rate of lesions. To date, there is no sufficient evidence to determine whether the co-presence of IBD and SPS produces a synergistic effect on CRC development. Furthermore, there are no established guidelines for the treatment and screening of this subgroup. It is clear that this is a population at increased risk of developing CRC and therefore, a more aggressive management and close monitoring of these patients should be performed.
